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INTRODUCTION

This report represents the LEM Mass Properties effective

Octoker 31, 1963.
gt this time.

It includes all current information available
The current vehicle separation weight (28,442#) is

98T# lighter than the Weight Summary Dated 8/29/63 and prepared
for the GAEC/NASA Weight Review Meetings held at Bethpage, Sept. &
thri Septe. 3, 1963

LED-490-k4
31 October 1963

Page 1

Pertinent information included herein - either new or in more

detail than previously reported - are noted as follows:

1.

2

It
in this

Mission Weight History vs. Time

This includes Tables

and plots of consumables vs. time and the total vehicle

weight variation vse. timee. Currently these data include:

a) ECS Consumables
b) EPS "
c) RCC Mropellant Weighii

d) Total Vehicle Weight

VSe
VSe
Vio e
VS

Time
Time
Tliue
Time

(Hrs)
(rs)
\ors )

(Hrs)

Pending Changes - This section covers those changes
being considered for incorporation into the LEM vehicle,
but on which final disposition had not been reached at

the time of this report.

Government Furnished Equipment =

total 59# heavier than the official list.
GFE weight is still reflected in this report.

A detailed tabulation
is included comparing the official GFE list with a list
of items and weights which are indicated to be GFE and

The official

should be noted that the major weight reductions reflected

report are:

1) ZElimination of micrometeoroid protection

2) Reduction in wire weight

3) Reduction in number of sensors

- 278.5%#
- 375.9#
= 27808#

The Contractor is continuing efforts to reduce the weight of the
IEM Vehicle and is maintaining close liaison with NASA to achieve this

goalqa

SN Dl
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IO HIOTORY OF WEIGHT AND PERIORMANCE

Condition

Barth Launch

Separation

Tonchdown

Tunar Lift-off

Tranacfer Orbit

Turnout (Docked)

29 August 1963

31 Oct. 1963

Weight Ay Weight LV
29,035 28,039
29,429 28,4k

7311 7703
13,854 12,870
10,198 9,460

5h3h 6025
05092 4,830

36k 423
5537k L,616

Isp

306

300
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LED-490-k

WEIGHT - TIME HISTORY OF LEM 31 October 1963

Page 6

The following secticn presents a Preliminary Weight Time History of
the Immar Excursion Module. The Basic Design Mission, Table I, defines
the time line against which Total Vehicle Weight and various Sub-System
Weights are presented. The main purpose has been to develop a usable
format for the presentation of vehicle and various sub-systems weight
: time. This data is still undergoing rather frequent and large

tuations, however, future reports will be based on data of a less
tentative nature.

The Sumary & Detall Weight Time History, TablesII & III, present
the Welgnh at various critical time periods (i.e. Earth Launch, Separation,
Touchdovn, Tunar Lift-O0ff and TEM Jettison) as well as at intermediate
phages. A corresponding curve of the Total Weight versus Time is pre-
gsenved in Figure =.

The three sub-systems which have consumable weight time histories of
detailed interest are the Envirommental Control System (ECS), the
Ilectrical Power System (EPS), and the Reaction Control System (RCS). Tables
IV, V and VI with corresponding curves Figures 6, 7 and 8 present a
welght time history for each of these sub-systems. The propellant of
the Propulsion Sub-System is consumed during brief periods of thrusting
and 1s shown in Table II. The consumption of large quantities of
propellant in relatively brief periods of time predominately shape the
Welght Time History Curve as shown in Figure © where the comparatively
smaller long period weight changes of the cther sub-systems are almost
conpletely masked.

Fubture reports will continually revise and update this Weight Time
History Section and will incorporate the latest design information.




LEM
BASTC DESIGN MISSION

LED-490-4
31 October 1963

P
TARLE T age 1
MISSION (l) CUMJLATIVE
PHASE DESCRIPTION Ot TIME
(HR. ) (HR. )
A LEM Checkout
B Apollc Assembly & Launch Preparation
C Countdown 640000 -
(Earth Launch Time = 0)
D Launch « 2000 « 2000
E Farth Ascent (included in D) -- + 2000
F Earth Orbit 3.0000 32000
G Translunar Insertion & Initial Coast «5833 37833
H Transposition « 5000 4,2833
I Final Translunar Flight
I-1 Jettison S-IV B <3333 4,6166
I-2 Translunar Checkout 1.0000 5.6166
I-3 Continue Translunar Trip T6.6667 80.2833
N) Liinar Orbit
J-1 Insertion into 80 n. mile Imnar Orbit] 1000 82.3833
J-2 Complete One-Half Orbit 1.0167 83.4000
J-3 LEM Checkout 1.0167 8L k167
J-4 Continue in 80 n. mile Orbit 1166 84.8333
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LED-490-14
31 October 1963

TABLE I (Cont.)

Page 8
MISSION (1) CUMILATIVE
PHASE DESCRIPTION At TIME
(HR. ) (HR.)
K Descent
K-1 Separate L0217 84.8550
K-2 Orient LEM & Prepare for Descent «1450 85.0000
K-3 Insert into Equal Period Descent .0083 85.0083
Transfer Orbit
K-4 Coast One Complete Equal Period 2.0434 87.0517
Orbit
K-5 Coast to 50,000 ft. Pericynthion + 4900 87.5417
K-6 Initial Powered Descent .0633 87.6050
X-T7 Final Powered Descent to 1000 ft. .0367 87.6L417
K-8 Hover to Touchdown «0333 87.6750
L Lonar Stay
L-1 Post Landing & Pre-Launch Checkout 1.2500 88.9250
& Egress Preparation
L-2 One-Man Explore 4.0000 92.9250
L~3 Report and Replenish PLSS 6.0000 98.9250
L-4 Other Man Explore 4,0000 102.9250
I~5 Report and Replenish PLSS 6.0583 108.9833
L-6 Pre-Launch Preparation 1.6667 110.6500
M Ascent (incl. Contingency)
M-l Powered Ascent «1000 110.7500
M-2 Orbit Contingency 17.7000 128.4500
M=3 Insert into Free-Flight . 0017 128.4517
Intercept Transfer Orbit
M-4  Coast in Free-Flight « 9666 129.4183
Intercept Transfer Orbit
M-5 Rendezvous from 20 n. miles . 4000 129.8183
to 500 ft. range of CSM
M-6 Dock from 500 ft to Contact «2500 130.0683
M-7 Transfer Crew «3333 130.4016
Jettison LEM

(1) Refereaces: (a) Mission Plan, LPL-540-1 (GAEC), 15 July 1963.
(v) Correction and Amendment of GAEC Mission Plan

LPL-540~1 as per NASA Directive, LMO-5L0-149,
27 September 1963.
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LED-490-4
31 October 1963
LEM Page 11
. DETAIL - WEIGHT TIME HISTORY
TARLE IIT
A WEIGHT
MT3STON CREW | ECS EPS PROPULSION RCS DESCENT CUMULA- | CUMULATIVE
PHASE(Ly  PROVI- | STAGE TIVE TIME
STONS WEIGHT
(LB.) (LB.) | (1.B.) (LB.) (1.B. ) (LRB.) (LB. ) (HR. )

A&B 28099. 400
¢ - 1.936 28097, k6L -

D&E - .0881- .OLL 28097.332 « 2000
T - 1l.520|- .657 28095.,155 3.2000
G - .264}- 129 2809k, 762 3.7833
K - .220}- .111 28094 . 431 4,2833

I-1 - W1h7l- .07k 28091, 210 46166

-2 fggg-% (2)] - 6.080|- 2.156 28085, 97k 5.6166

I-3 - 32.200 |-16.64L 28037.1.30 82.2833

J~1 - WO0hk2]- L0222 28037.066 82.3833

J=2 - Jhes)le Leoo1 28036. 420 83.4000

J-3 pu18.2 (3)| - 6.440]- 2.619 28Lh5. 561 8L U167

J=4 - 2.690|- .993 28441.878 84,8333

K-1 - J1ho|- .060 - T.760 28433.918 8448550

K-2 - 878}~ 429 - 3.372 28429.239 85.0000

K-3 - .052]- .027 |-1156.700 }- .192 272724268 85.0083

K-L - 13.630|- 5.980 - 21.2L43 27231.415 87.0517

K-5 - 3.050]- 1.338 - 5.084 27221.9543 87.5417

K-6 - Jheel- .213 |-9150.000 |- 1Lk.349 18056.922 87.6050

K-T - .281l}- .127 |-L4097.800 |-  8.307 13950.407 8T7.641T

K-8 - .253f- .117 [-1069.500 |- 10.700 12869.837 8T7.6750

L=1 | -~ - T.652]- 3.058 12859.127 88.9250

L-2 Iéég'i - l$-6%O -12-220 1282%.197 92.2220

L-3 '1 - 20.608}-15.006 12791.583 98.9250

L-b ;ggg'i - 18.350|-1k.260 12758.973 | 102.9250

L~5 ' - 20.900[-15.097 12722.976 108.9833

-6 - 11.760|-11.996 -3238.9 9L60.320 110.6500

M-1 - .828]- .233 |-4329.000 |-140.251 4990.008 110, 7500

M-2 - T2.5151-~17.936 - ho.o77 4849.580 128.4500

M-3 - L016]- .00L - 2.430 L8hT7.330 128.4517

M-4 - T7.623]- 2.170 - 28.107 4809.230 129.4183

M=5 - 3.210]- .93k -113.319 L691. 767 129.8183

M~6 - 2.702)- .T73 - T70.916 L4617.376 13C.0683

M-T7 - L96T|- L1111 L4616.293 130.4016

. (1) See Page T
(2) One crew member transfers to LEM for Translunar checkout. At end of

checkout he returns to CM.

(3)

Both crew members (incl. suits and dosimeters) transfer to LEM.
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LEM Page 13
ECS - CONSUMAELE WEIGHT
TARLE IV
ey
MISSION WATER CONSUMED TOTAL ECS (3) TOTAL ECS |[CUMUTATIVE
PHASE (1) HEAT DRINKING FL38 WATER OXYGEN CONSUMARLE] TIME
LOAD ON ON ON BOARD
(LB.) (LB.) (LB.) BOARD BOARD
(LB, ) (LB ) (LB. ) (HR, )
C 311.151(2) 9.000 320.151 -
D&E .C23 311.063 320.063 « 2000
F 1.520 309.543 318.543 3.2000
G « 264 309.279 318.279 3.7833
H <220 309.059 318,059 4.2833
I-1 k7 308.912 317.912 L,6166
I-2 6.080 302.832 311.832 5.6166
I-3 32.200 270.632 279.632 82.2833
J=1 042 270.590 279.590 82.3833
J=2 hos5 270.165 279.165 83. 4000
J=3 64440 263725 2724725 8Lh.L167
J=4 2.690 261.035 270.035 84.8333
K~1 <1540 260.895 269.895 84.8550
K-2 .878 260,017 269.017 85.0000
K=-3 .052 259.965 268.965 85.0083
K-4 13.630 2L6.335 255.335 8T7.0517
K-5 3.050 243,285 252,285 8T7.5417
K~6 166 242,819 251.819 87.6050
K~-T .281 242,538 251.538 87.641T
K-8 <253 2h2,285 251.285 87.6750
L-1 T.652 () () 234.633 243.633 88.9250
-2 9.670 3.000 5.000 216.963 225.963 92.9250
L-3 20.608 (1) (1) 196.355 2054355 98.9250
L-4 10.350 3.000 5.000 178.005 187.005 102.9250
-5 20.900 157.105 \ 4 166.105 108.9833
L~6 11.760 145,345 9.000 154.345 110.6500
M-1 <785 144,560 8.957 153.5L7 110. 7500
(5) 3.950 140.610 8.769 149.379 111.2500
M-2 50. 250 90. 360 2.866 93.226 126.9500
11..660 784700 2.302 81.002 128.4500
M-3 .015 78.685 2.302 80.987 Lo8.4517
Mol Te 260 Tl. 425 1.938 T3.363  }129.4183
M-5 3.040 68.385 1.768 70.153 129.8183
M-6 2.560 65.825 1.626 67451 130.0683
M-T7 .825 65.000 1.484 66. 484 130.4016

VoM DAL




(1)
(2)

(3)
(L)
(5)

31 October 1963
Page 14

See Page. 7

Total Water includes drinking water and (6) PLSS Refills.

Water Boiler 230,151 *
Drinking Water 47,500

PLSS Refills (6) 33500
Total Water 311.151
I SOX Accumulator.

Vented to Lunar Atmoshperee.

Orbital Contingencye.
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Page 16
LEM
' EPS - CONSUMAELE WEIGHT
TAELE V
MISSION CONSUMPTION TOTAL - ON BOARD TOTAL CUMULA -
PHASE (1] EPS - POWER CARIN & EPS- POWER CABIN & EPS CON-| TiVE
CREW CREW SUMAELES TIME
HYDROGEN | OXYGEN OXYGEN HYDROGEN | OXYGEN OXYGEN ON BOARD
(LB.) (LB. ) (LB. ) (LB. ) (LB.) (LB. ) (LB. ) (HR. )
A&B 31.4349 59.1491 42,1507 132.7347 -
C .3591 1.5768 31.0758 57.5723 Lk2.1507 130.7988 -

D&R - 0080 .0358 31.0678 57+5365 42,1507 130.7550 . 2000
F L1197 .5376 30.9481 56.9989 42,1507 130.0977 3.2000
G .0236 .1058 30.9245 56.8931 L2.1507 129.9683 3.7833
H .0202 .0907 30.9043 56.8024 42,1507 129.857h 4.2833

I-1 L0134 .0603 30.8909 56.7ho1 42,1507 129.7837 4.6166

I-2 «9079 1.1812 L0670 29,9830 5545609 42,0837 127.6276 5.6166

I-3 3.0590 13.5854 26.9240 41.9755 42,0837 110.9832 82.2833

Jel .00L0 L0177 26.9200 41.9578 42,0837 110.9615 82.3833

J=2 . 0406 .1802 26.8794 W1.77T6 42,0837 110. 7407 83. 4000

J=3 1.1023 1.3803 1362 25. 7771 40.3973 41.9475 108.1219 8h. 4167

J-L ~.3878 .5492 0558 25.3893 39.8481 41.8917 107.1291 84.8333

1' K~1 L0212 <0297 .0090 25.3681 39.8184 41.8827 107.0692 84.8550

K-2 1566 2127 . 0600 25.2115 39.6057 41.8227 106.6399 85.0000

K~3 .0103 .0135 .0034 25,2012 39.5922 41.8193 106.6127 85.0083

K-4 2.2839 2.850k4 . 8460 22,9173 36.7418 40.9733 100.6324 87.0517

K-5 L4719 6630 « 2029 22. 4454 36.0788 LOo. 77Ok 99,2946 87.541T

K=6 .0809 .1055 . 0262 22.3645 35.9733 L4o.7hh2 99.0820 87.6050

K-7 .0L82 0624 .0161 22.3163 35.9109 40. 7281 98.9553 87.6L1T7

K-8 <OLLE L0576 L0147 22,2717 35.8533 Lo. 7134 98.838k 8T7.6750

-1 .8910 1.1526 <4260 21.3807 34. 7007 40,2874 96.3688 88.6750

. 2227 . 2881 0775 21.1580 3Lh.b126 40,2099 95,7805 88.9250

L=-2 1.137h 1.5966 6.8267 20,0206 32.8160 33.3832 86.2198 90.5917

1.5902 2.2322 <8773 18.430k4 30.5838 32.5059 81.5201 92,9250

-3 <4530 .6931 4,0960 17.9774 29.8907 28.4099 T6.2780 93.9250
.3010 4607 2.6884 17.6764 29.4300 25.7215 72.8279 94.5917

1.9585 2.9965 1.3587 15.7179 26.4335 2h.3628 66.5142 98.9250

L-4 1.137h 1.5966 6.8267 14.5805 24,8369 17.5361 56,9535 | 100.5917
1.5902 2.2322 <8773 12.9903 22.6047 16.6588 522538 | 102.9250

-5 500 .6920 L,0960 12.5381 21.9127 12.5628 47.0136 | 103.9250
.3015 4613 2.6894 12.2366 21451k 9.8734 43,5614 | 10k4.5917

1.9872 3.0LkokL 1.3771 10.2494 18.4110 8.4963 37.1567 | 108.9833

L~6 1.5235 1.9757 . 5800 8.7259 16.4353 7.9163 33.0775 | 110.6500
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TABLE V (Conte )
MISSTION CONSUMPTION TOTAL - ON BOARD TOTAL CUMULA-
PHASE (1)| EPS - POWER CABIN & EPS - POWER CABIN & EPS CON{ TIVE
CREW CREW SUMARLES TIME
HYDROGEN| OXYGEN | OXYGEN HYDROGEN | OXYGEN OXYGEN ON BOARD
L (LB.) (LB, ) (LB.) (LB. ) (LB, ) (LB. ) (LB. ) (HR. )
M1 .0972 .1362 (@) | 8.6087 | 16.2991 (2) 24,9278 |110. 7500
( - 4680 6615 8.1607 15.6376 23.7983 |111.2500
M_?3) 4. 9596 8.308L 3.2011 | T.3292 10.5303 [126.9500
' 1.5659 1.9728 1.6352 5.3564 6.9916 [128.4500
M-3 0017 .0023 1.6335 503541 6.9876 [128. 4517
M-l «896L 1.2735 <7371 4.0806 4.8177 1129. 4183
M-5 .3888 «5448 .3483 3.5358 3.8841 [129.8183
M-6 3217 4515 . 0266 3.0843 301109 [130.0683
M-T L0266 .0843 0 3.0000 (%) 3.0000 {130. 4016
(1) See Page T
(2) During the ascent phase, Oo 1s used from the Op - GOX Accumulator in
the ECS.
(3) Orbital Contingencye
(4) 3 1b. Left in SOX- Ascent Tank.
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Page 19
LEM
RCS CONSUMABLE WEIGHT
TAELE VI
Total

Mission Propellant Propellant Cumulative

Phase (1) Consumption On Board Time

(1B) (1B) (Hr)

C 50%.5000 0
D&E J/

o 504 . 5000 84.8333
K-1 T.7603 L96.7397 8L.3550
K-2 3.3725 493.3672 85.0000
K-3 L1917 493.1755 85.0083
K-4 21.2432 471.9323 87.0517
K-5 5.0836 466.8487 87.5417
K-6 14,3420 452,5067 87.6050
K-7 8.3070 4L .1997 87.6417
K-8 10.6997 433.5000 87.6750

L [r33.5000 110.6500
M-T 1L0.2515 293.2L85 110.7500
M-2 49.9770 2hk3.2715 128.4500
M-3 2.4300 240.8415 128.4517
M-4 28.1070 212.7345 129.4183
M-5 113.3190 99.4155 129.8183
M-6 70.9155 28.5000 (2) 130,0683
M~T ~28. 5000 130.4016

(1) See Page 7

(2) Residual Propellant
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LEM WEIGHT COMPARISON

AT SEPARATION BY STAGES

SUBSYSTEM
CODE ITEM
A. Ascent Stage Weight at Separation
Le0 Structure
2.0 Stabilization and Control
360 Navigation and Guidance
4.0 Crew Provisions
5.0 Environmental Control
6.0 Landing Gear
7.0 Instrumentation - Operational
- Scientific
8.0 Electrical Power Supply
9.0 Propulsion System
Propulsion Inert
Propellant (includes 46# trapped)
10.0 Reaction Control
Propulsion Inert
Propellant (Includes 28.5# trapped)
"11.0 Communications
12.0 Controls and Displays

B. Descent Stage Weight at Separation

o o o »
[eNoNoRoRoNG

OO JONFwmnkH

[oNe)

11.0

Structure
Stabilization and Control
Navigation and Guidance
Crew Provisions
Landing Gear - Fixed
Instrumentation - Operational
- Scientific

Electrical Power Supply
Propulsion System

Propulsion Inert

Propellant (Includes 163# trapped)
Communications (Portable)

Total Separation Weight ( A & B )

8/29/63
WEIGHT

10350.2

104443
94.0
265.0
58644
533.1*'

hr7.1
1340.9
(486346)
418846
437540
(824.6)
320.1
50445
ok.2
25Tk

290478

921..0
2345
10.0
L68.0
60.1
25040
26103

(1738.8)

1401.8
15637.0
10.1

29428.7

LED-490-4
31 October 1963
Page 22
CURRENT
WEIGHT AWEIGHT
9628.6 ~756.3
88L.8 -159.5
104.0 + 10.0
26GQ.0 + 5.0
566 4 - 20.0
5299 - 3.5
307.9 -169.2
8948 -4h6.1
(4903.6) (+ 40.0)
528.6 + 40.0
4375.0 0
( 82k4.6) 0
320.1 0
50k4.5 0
ok.2 0
2544 - 3.0
18817.3 -230.5
802.0 =119.0
13.5 - 10.0
10.0 + 5.0
540 - 5.0
L6840 0
30.0 - 30.1
25040 0
203.9 - 5Tk
(17024.8) (- 1k4.0)
1387.8 - 14.0
15637.0 0
10.1 0
28hll.9 -986.8
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1.0

240

30

L.0

5.0

Discussion of Changes Between Current and August 29th Status

ASWTA*

Structure

Increase meteroid shielding probability of
penetration from 0L to «13 by reducing skin
thickness requirements to that necessary for
thermal protection -(2) .022" t to (1) .015
and (1) 006" -159.5

Stabilization and Control
Revised estimate of Attitude Reference
Assembly resulted in an increase of 3 pounds
per LMO-300-56 + 3.0

NAA increased power rating of holding
windings in the RCS Jjet driver solenoids.
This is a change in common usage equipment
in which GAEC has no responsibility, hence
the increase in weight of the Attitude Trans-
lation Control Assemblye. + T.0

Revised estimate of the four (4) gimbal
actuators from 5.5 pounds each to 3 pounds
each, reduces weight of the Descent Engine
Control Assembly.

Navigation and Guidance
MIT report shows an increase from 191
to 201 pounds since last status. + 10.0

In recent technical negotiations of the
Rendezvous and Landing Radar with the vendor
(RCA) a weight of 69 pounds was negotiated as

compared to the last status of T9 pounds. -~ 5.0
Crew P -

Change in crewman attitude results in a 20
pound weight reduction of restraint system -~ 20.0

Reduction of landing flare burning time
from 10 minutes to 5 minutes reduces flare
Weight .

Environmental Control

Change in translunar water coolant require=-
ments which includes a 19 pound water reduction
at earth launch and changes the ascent and
descent coolant loadss. + 12,6

Quantity of GOX reduced from 8.2# to
Te5%e - .7

LED-490-k4
31 October 1963
Page 39
AWT* W
D A Tsep.
-119.0 ~278.5
+ 3.0
+ T.O
- 10.0 - 10,0
+ 10.0
- 540 - 10.0
- 20.0
- 5.0 - 5.0
- 53 +  Te3
- .7

* ASWTA’ AVWTp & AWTgep are dry weight changes at various events of the LEM
Wssion (i.e. Ascent, Desc. & Separa-
‘ = ion)
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AWT* z&wm%

Environmental Control (Cont.)

The type of cartridges for ECS was
changed and the quantity reduced to L4,
which is consistent with the Vendor
Specification. - 6.7 - 3.k

Instrumentation

Reduced the quantity of sensors, from
TOT to approximately 315. Further reductions
may be possible. -13k4.T - 30.1

Revised welght estimate of signal condi-
tloner is based on reduced quantity of sen-
SOTrSe - l?oo

Revised estimate of PCMTE based on
vendor quotes and GAEC evaluatione - 17e5

Electrical Power Supply

Reduction in shielding and wire size
and use of thin wall insulation. -339.3 - 36.6

Memorandum LMO-390-86, dated 18 Sept.
1963, is a wire comparison report. Eighteen
different plans are presented by this report,
and the differences are due to variations
in the use of 26 guage wire in lieu of 22
guage, shielded vs. unshielded, and/or diff-
erent types of insulation material.

The wiring or electrical provisions for
29th August LEM vehicle weight was based on a
combination of Plan 1 and Plan 2. The current
wiring is based on Plan 17. A brief comparison
of the three plans mentioned is as follows:

Plan 1 Plan 2
Shielded Wire MIL~W-16878
Type E

Shield 85% #36 Ga. Copper
Jacket «010" Teflon
Unshielded Wire

#2 Gae MIL-W-T139B MIL-W-T7139B ;

#i Ga. thru #6 Ga. MIL-W=-22759/MS18000 MIL-W-22759/MS18000

#10 Gae thru #20 Ga. MIL-W-22759/MS18000 MIL-W-22759/MS18000

#22 Ga. MIL-W=22759/M818000 MIL-W-22759/MS18000

o6 Gae - -

* Tbid

AVTgep,

- lO.l

"l6ll'o 8

- 17.0

= 17.5

=3T5¢9

Plan 17

.005 FEP/.00L ML
Insulated

#36 Ga. Copper
.002"FEP/H-film

MIT=W=T1398

MIL-W-22759/
MS18000
MIL-W-16878/
Type E
.005 FEP/ML
Insulated
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Electrical Power Supply (Cont.)

A breakdown of the electrical provi-
sions shown herein is as follows:

29th August Weight Current Weight
Wire 723 3h2
Coaxial Cable (included under wire) 5
Connector and Potting 146 146
Clamps 36 36

Total 905 529

Reduction in senscr wiring due to
reduction of instrumentation sensors from
TO7 to approximately 315 =101.0 - 13.0

Revised estimate of fuel cell
reactantse. - 5.8 - T.8

Propulsion

Removed 2 gimbal actuators - descent,
error in last report had 6 in lieu of L4 . - 14.0

Revised estimate of ascent propellant tank
weight based on more detailed layout calcula-
tions. + 40.0

Controls and Displays
Revised MIT CDU's and displays weight per

T MIT Report (Rev. 12) from 58 to 56 pounds - 2.0

Delete 2 indicators which were function-
ally duplicated - 1.0

*
ZxWTSep.

-114.0

- 1306

- 1h.0

+ 40.0

Total Current Changes -T37.6 -249,.2

¥  Ibid
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PENDING CHANGES

The following list is comprised of those items which are
currently being considered and recommended for incorporation into
the LEM vehicle.

A Weight*
Ascent Descent
1.0 Structure
a) Reduce the factor of safety in crew compartment
from 2.0 to l.5 and use better quality control
to maintain desired reliability. - 31.0 -

b) Landing Gear Truss: Going to a 160" canti-
levered landing gear results in a 38.6 1b
increase in the descent stage trusse + 38.6
(A saving in the Landing Gear weight results
in a net weight saving to the vehicle descent
stage for these changes see Landing Gear
6.0 a) belows)

2.0 Stabilization and Control
a) Eliminate descent engine gimbal actuator
redundancy as requested by GAEC letter
LLR-290-k4, dated 23 September 1963. -- - 6.0

3.0 Navigation and Guidance
a) Retention of the MIT system appears to result in /
a significant weight increase due to an apparent
omission of a junction box 10# and the addition
of spares to the 15 September 1963 Report E-1142
(Rev. 12). + 45,0 -

b) Rendezvous and Landing Radar weights are increa-
sing based on current vendor quotes of 59.L# and
36.9# respectively. + 18.4 + 8.9

50 Environmental Control
a) Reduce drinking water to 6.0 lbs/man/day from
13.2 lbs/man/day for the 24 hour period of basic
design mission spent in LEM orbit. The 13.2 1lbs/
man/day is assumed to be required for needs of
crew on the lunar surface. Therefore, a weight
saving can be realized as indicated herein. - 2.4 -12.0

* Note: Weights shown are not effective Weights.

AN BTl
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PENDING CHANGES

540 Environmental Control (Cont. )

b) Acceptance of the new apportionment of metabolic
loads could result in a weight decrease of
approximately 20 poundse This change would
permit smaller suit fans, which would require
about 45 watts less power. The power reduction
would decrease the quantity of reactants and
the water. Additional reduction in tank
weights may be realized.

c) Stage the water to be used from Earth Launch
to Lunar Lift-off and put the remaining water
into two equal size tanks. This change reflects
a system Dry weight increase but a greater
propellant, tankage, etc. decrease. The relia-
bility of the Water Management Section is also
improved.

6.0 Landing Gear
a) Replace the 180" semi-tread tripod type of

landing gear with 160" semi-tread cantilever
type =920 1lbs. Under Structure the L.Ge
support truss will decrease and the bulkhead
will increase, see Structure code 1.0 b);
however the replacement will result in a
total decrease of -53.4 1lbs. to the reported
weight.

Ts0 Instrumentation
a) Eliminate Data Storage Equipment (recorder) by
transmitting data in real time up to lunar
lift-off.

b) Reduce returnable scientific instrumentation
to 507. o

8.0 Electrical Power Supply
a) Replace the present three 900 watt fuel cells

and two spiking batteries configuration with
the two 1250 watt fuel cells and one auxiliary
battery configuration. This results in s
38 pound battery increase and a decrease in
fuel cell and cable weights of 60 pounds and
5 pounds respectively.

b) Reduce twenty hour ascent, which includes 17T
hour contingency, to five hours and stage the
fuel cells. Assume this change is made with
the two fuel cell configuration. Stage the
fuel cells and battery charger. Eliminate the
ascent hydrogen, oxygen and tankage.

~SONF BN

LED-490-4

- 10.0

- 1600

- 30.0

- 3000

- 2700
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Ascent Descent

- 10.0

+ 23.0

- 920
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A Weight

Ascent
Electrical Power Supply (Conte)

Add a 1 KWH battery and a five hour: supply

of GOX and tanke Reduce ECS water, GOX

accumlator, GOX and RCS propellant. Stage

and reduce the plumbing and wiring. =29360

Propulsion

Use the controlled pressure decay technique
in pressurizing the descent propellant tankse
This results in an 18 pound helium saving
and a 180 pound helium tank saving per IMO-
271-14, dated 1 August 1963.

Fire a single RCS thruster to control moment
unbalance during thrusting of main ascent

engine in such a manner that &V is obtained

from the RCS thrustinge This AV furnished

by the RCS thruster reduces the AV required

from the main engine and consequently

reduces the propellant in main engine tanks. - 92.0

Reaction' Contrbl

Reduce center of gravity limits, during ascent,

by «5 inche This reduces the quantity of RCS
propellant needed. = 50.0

Eliminate quantity gauging of the RCS propell-

ante This permits the removal of sensing units

and associated equipment (12# RCS), and display
indicators (4# in Controls and Displays). - 16.0

Reduce the number of helium bottles and propell-

and tanks to 1 and 2 respectively by doubling

the capacity of each containere This reduces
propellant tankage weight, trapped propellant,
plumbing and gaugings (Configuration V Weight/
Reliability Study)e - 5940

Descent

+193.0

-1980 O
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PENDING CHANGES

10.0 RCS_Propellants (Cont.)

A Preliminary RCS Propellant sizing study indicates that total
Propellant requirements will be 61L.4# for the 28,000 lbs. LEM Separation
We ighto

This value is based on the assumptions of RCS duty cycles and thrust
vector misalignments and other considerations listed in IMO-310-58,
"Criteria used for RCS Tank Sizing". Although this value is currently
higher than the reported weight, several evaluations are in progress
which will have a significant effect on the RCS Propellant quantity
requireds. These include:

l) Determination of LEM center of gravity location and
uncertainties,

2) AV provided by the RCS during ullage settling of
the propellants in the main tanks.

3) AV provided by firing single thrusters during
ascent engine burning in lieu of pairs to obtain
pure torques to offset main engine thrust vector
misalignment moments. (See Propulsion System above)

M) Coasting during the orbital contingency in lieu of
maintaining attitude to #5° Or reduction of the
17«7 hour orbital contingencye

5) Reduction of AV required for "out of plane" changes
during ascente

Although the sizing study may indicate a higher weight than
that currently recorded in this report, it is highly probable that
this will not become a facte Rather, preliminary estimates of above
items indicate the current recorded value may be reduced by 40

to 9O0#.
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GOVERNMENT FURNISHED EQUIPMENT

The following is a table showing the GeF.Ees equipment as
originally designated to Grummen by NASA compared with a list of
unofficial weights compiled at GAEC.

The reasons for the comparison are:

1) Of the items clearly agreed to be GeF.E., there
are welght differences between the original
values and those of column 2.

2) There are items indicated as Ge.F.E. by
various sources on which the contractor
would like confirmatione.

It is very desirable to have the Ge.F.Ee. list broken down in
the detail shown in column 2.
This will aid the contractor in:
l) Calculation of accurate mass properties (i.e.
weight, cege and inertias) for the vehicle
in various phases of the missione.

2) BEvaluating volume and storage considerationse

3) Providing power for those G.F.E. items
requiring ite




Code

3el

3elel
3ele2
3ele3
Selek
3ele5
3ele6
SeleT
318

k.o

hol
ho1.1

SONPIDENT I

Original Presently AWt.

Item

Navigation & Guidance

ToMeUe

Range Drift Unit
AoGeCa

PoSeA.

Ne Ve Be

Cabling

Star Maintenance Book
Cold Flate

Crew Provisions

Crew Accessories
Space Suits

Torso

Helmet + Integ. Comme &
Telem.

Boots = Lunar Exploration

Gloves

Thermal Coveralls
Conste Wear Garments
Emergency Op System

Accessories
Urine and Fecal
Removal
Vomitus Removal
Sult Press. Gage
" Low Pressure Warning
High Op Flow Warning
Suit Press. Relief Valve
Connectors
Sewing Kit
Tubricant
Tools and Belte.
Adhesive
Patches
Gloves
Disconnect Seals
Vomitus Container

Y.

I e I Sy Sy

n P o

RO DN NN

Guaran=- Indicated

ted Wt. Weight
per SSS-
LEM-63-
20
(187.0) ‘(19;,0) (+ 4.0)
60.0 5840 - 2.0
20.0 12-0 - 8-0
60,0 60.0
2540 35.0  +10.0
hadnd L,-.O + LI--O
20.0 15.0 - 5.0
2.0 2.0
- 5.0 + 5.0
L6T.5 5278 +6043
1o54# 172.1#  +47.1
(60.0) (68.0) (+ 8)
N 2L.0
0 12.4
Br
M- 8.8
OWN 242
AT 2.0
By 50k
Ny N,
PR, BREAK_
D D
Sy Oty
Ay A
AIL_ VAIL..
A A
By By
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Remarks

Incle. Integral
Communication and
Telemetry Provisions.

GAEC is not clear if
these items are an
integral part of the
suit and, therefore,
are assumed to be
included in weights
noted above.
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Original Presently A Wt. Remarks
. Guaran- Indicated
ted Wt Weight
per SSS-
LEM=-63-
20

.éD

(=]
.

Code Ttem

hole.2 PLSS

Motor =~ Inverter
Fan
Battery
H.O Beiler and Separator
SIave HoO
Useful Ho0
Primary Op Regulator
Multiple Gas Connector
Primary O» Tank

1" 02
Flexible Hose
Steam Back Pressure Valve
LiOH Cannister
LiOH Cartridge
Integral Cannister Structure
Miscellaneous Sensors
Support Harness

. Foamed Cover

Miscellaneous Rrackets
Boiler Mounting Plate
Remote Op Control
Electrical Harness
Communications & Telemetry

(60.0) (991) (+39.1) See Spares under

noted under
Code Lelok.

o
= =10

MMPMPPODLODNODPDPODNVDODBONDODDDNDNDOND NN NN
=3
£
i
= w = WO HMDKHONH WD

bel.3 Radiation Dosimeter ( 5.0) ( 5.0) (o0 )

Lholok GFE Spares Undefined
Seals = Contaminent

Container

Debris Trap, Sponge

Prim. 0o Qty indicator

Antenna

no

oo Crew

n

(340.0)  (353.2) (+13.2) Change from 65 to T5
percentile men.

7e3 Scientific Equipment (250.0)  (250.0) (¢ )

n
n

Te3el Lunar Atmosphere Analyzer
Te3e2 Gravitometer
Te3e3 Magnetometer
Te3ek Radiation Spectrometer
Te3e5 Specimen Return Container
Te3eb Geological Equipment

‘ e3eT Seismographic Equipment
fe3e8 Soil Temperature Equipment
Te3e9 Miscellaneous

(ol i ol Sl
® o e o o o

VT
* o 0

MO @O O O O
ol eoRoNoNoNoNoNeNe)

}_.l
B

Includes: (1) still
& (2) motion picture
cameras, TV camera &
conte )

R
\J'IO(IDOI.\)OO\HO
[oNeoNoNoNoNoRoNoN®!

-

|




Code

Te3e9

12.3

12.3.1
12e302
126363
12361
126365

Ttem

Miscellaneous (conte)

Controls & Displays

for Navigation and Guidance

1)0)

Miscellaneous C & D

AeGeCe C & D

Eye Register for Reticle

Two= Diget Readout for Reticle

Total Weight

Original Presently
Guaran=- Indicated
ted Wt. Weight
per S5S-

LEM-63~

20

LED-490-L4
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A Wt. Remarks

(63:0)  (58.0) (5
6.0 16.0 +10
5040 2040 -30
- 1540 +15
2.0 2.0
5¢0 5.0
9675 102668 +59.3

(Cont.) Auxiliary
lighting, 1 gimbal
mounted telescopee
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APPENDTX A
SUBSYSTEM DESCRIPTION AND DESIGN CRITERIA
Structure ]

Structure design requirements and criteria per report
LED-520-1A "Design Criteria and Environments LEM."

Stabilization and Control |

The S & C System function is to accept signals from
sources such as the primary Navigation/Guidance System,
pilots controller convert this signal to a useable form
(by amplification, etc.) and feed it to the correct thruster,
or engine. In addition, the S & C System contains a backup
guidance system for the purpocse of safe crew return in the
event of a failure in the primary Navigation/Guidance Systeme
The backup guldance system provides pre-programmed guidance
(based on T-1 abort guidance law) for an abort to a clear
perycythion of 50,000 fte This programmer can only be used <
after initiation of powered descent. The remainder of the
ascent trajectory from 50,000 fte to the 80 mile orbit is
flown using the AV Display.

The Guidance Coupler Assembly (GCA) includes circuitry
for (l) the uwllage sequencer for ullage settling of pro-
pellants prior to engine ignition (2) signal conversion of
engine on=off signals from MIT Navigation Guidance System.
The GCA attitude dead band requirements have been set by
LEM handling qualities. Two modes are provided *0.1° and
+5° dead bands. The 0.1° mode is used primarily during j
thrusting periods and the *#5° is used during coasting
periodse.

The attitude and translation control assembly weight 1s
based on a Grumman estimate. The driver solenoids are based
on the Minneapolis-Honeywell design but repackaged in order
to save weighte If GAEC were required to go common usage in
this area a weight increase would result.

The current design is based on a constant current load
for the RCS thruster solenoid valves.

The ATCA and ARA electronic packages have been sized to
meet the cold plate heat transfer requirements of 2 watts/ine.



SN

LED-490~L
31 October 1963

A=2

240 Stabilization and Control (Cont.)

The descent engine control assembly weight includes 1.5
pounds of electronics and 22 pounds for 4 gimbal actuators.
The backup programmer as shown in the schematic is obsolete.
This unit is a simple preset programmer which lacks data
correction capability. This unit would weigh approximately
5 poundse Further study has indicated that the preset
programmer is inadequate and a more versatile programmer will
be required. The mechanization of this unit has not been
resolved but it is estimated that this unit will weigh 20 1bs.
This 1s one area where the weight statement is more current
than the schematic,

3«0 Navigation and Guidance

Discugssion of Radar Requirements

The primary function of the LEM Radars is to provide data
for the N & G (Navigation & Guidance) Systems in both the
primary and backup operational modes. This data will be pro-
cessed by the AGC (Apollo Guidance Computer) for utilization
in the automatic guidance phases or displayed to the crew
directly in order to provide them with the capability of
completing the mission in the event of a partial N & G system
failure. The requirements placed on the radar as regards to
accuracy and type of data stem directly from the maneuvers
that the LEM executes throughout the mission. In the tabula-
tion which follows those phases of the flight profile which
vitally affect the Radar requirements are denoted by upper
case typee

Separation from CSM

Injection into descent transfer orbit
COAST TO PERICYNTHION

POWERED DESCENT (INITIAL)

TERMINAL DESCENT

LUNAR STAY AND PRE LAUNCH

ASCENT LAUNCH

Ascent coast

MIDCOURSE CORRECTION

RENDEZVOUS - DOCKING

OW O3 AN W
B S Nt N e e e s N e’

=

1~2) No requirement for radar data is contemplated in either
the first two items. However, immediately after separation
it may be expedient to utilize the nearby CSM as a means of
checking out as many of the radar functions as practicable.

CONTPDENTp—
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3.0 Navigation and Guidance (Cont. )
3) In order to establish the orbital parameters of the

L)

5)

descent orbit it is required that the LEM Rendezvous
Radar be capable of measuring range, range rate angle
to the transponder carried aboard the CSM. Although
the Landing Radar is not required to furnish precision
information during the descent coast phase it is
required at an altitude of 70,000 feet and some 10
minutes prior to the initiation cf powered descent, to
show evidence of its functional status by indicating a
received signhal when its antenna is oriented (by vehicle
rotation) so as to produce vertical incidence of the
range measuring beam at the moon's surface.

Powered descent is initiated at 50,000 feet. During
portions of the descent, data for guidance and control
is inertially derived. Because inertial errors arising
from initial misaligmment and subsequent drift can pro-
duce large terminal-descent errors, in both position

and velocity, it has been determined that direct sensing
of these guantities is a prerequisite to achieving des-
cent - and landing within the specified accuracy.

The primary mode of sensor data utilization (altitude,
velocity) is in updating the inertial equipment. Alti-
tude updating is performed in the range of 15,000 feet

to 20,000 feet altitude. Velocity updating is performed
at about 5000 feet altitude. In this manner the optimum
use is made of the high frequency content of the iner-
tially derived data which serves to compliment the good
low frequency radar-sensed data. Furthermore, subsequent
to inertial updating, failure of the radar does not
necessarily require a mission abort.’

If the primary Navigation and Guidance System is working
properly the terminal descent from hover can be accom-
plished without altitude and vertical velocity data from
external sensors, provided the IMU was updated at some
previous point in the trajectory. Horizontal velocity
data from the Landing Radar may, however, be required
since:

a) There is a tighter tolerance on horizontal than
on vertical at landing and

b) Horizontal velocity changes over a greater range
of values during the final portion of the powered
descent than does vertical velocity so that even
updating early in that phase still leaves the
possibility of excessive errors being accumulated
by the IMUe.

£ ObbibBieileinpem,
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3.0 Navigation and Guidance (Cont.)

6)

7)

8-9)

In the event of failure in the inertial or computing
portions of the primary Navigation and Guidance System
occurring during or just prior to the hover phase,
there may be increased mission safety if the landing
is completed rather than the mission being aborted.
Under these conditions non-inertial data must be
independently provided and in a form meaningful to

the crew and suitable for direct displaye.

Pre-Launch

On the lunar surface, the rendezvous radar tracks the
CSM in a 90° sector as it passes over the horizon and
comes into view of the LEMe This tracking will be
done only long enough to enable the LEM location
relative to the CSM orbit to be determined.

Launch

Since the ascent is pre-programmed in both the primary
and backup modes, non-inertial data is not required.

If the launch is made at the proper time, the initial
thrust will inJject the LEM into the transfer orbit.
However, if there is a timing error, the LEM may have
to enter a parking orbit and await the proper injection
conditions for transfer to the CSM. These conditions
can be determined from data obtained by tracking the
CSM. If the primary guidance system is functioning
properly, the LEM orbit is accurately known and only
the phasing or relative selenocentric angle between
LEM and the CSM need be known. If the primary guidance
system has failed and the LEM is on backup guidance,
the errors at thrust termination will generally be
larger and angle and range data from the Rendezvous
Radar may be needed for the computation of the proper
phasinge.

Ascent Coast and Mid-course Correction

The agcent coast phase carries the LEM from burnout
altitude of the powered ascent to within homing rendez-
vous range of the CSMe During this phase, it is antici-
pated that non-inertial data referring to relative posi=-
tion and velocity of the LEM and the CSM will be required
1o reduce the effect of burnout errors on the AV penal-
ties during homing rendezvouse.

For powered ascent and coast phases performed under the
direction of the primary Navigation and Guidance System,
the errors at burnout will be comparatively small and the
problem of performing a mid-course correction reliatively
easy. Since the AGC is available for computation and data
smoothing, the type of data can be restricted, the number
of measurements can be falrly large and the mathematical
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8-9)

operations on the data can be extensive and sophisti-
cated.

10) The techniques to achieve successful rendezvous under
adverse conditilons give rise to a requirement of indepen-
dently displayed rendezvous radar parameters.

Crew Systems

Interior Lighting

The panel lighting is an integral lighted system employing
electroluminescent lamps (EL) capable of providing up to 1.0 fte
lambert of aviation red (device weight will not vary with color
and brightness). The breakdown consists of:

885 square feet panels 4.5#
25-2" indicator dials, 9-3" ind. dials, & others 0e5
13 thumbwheels 1.0
15 knobs 1.0
40O pushbuttons 2.0
Total: 9. 0#

No hand light (portable) has been included in the lighting break-
dovne

The Cabin Lights (8.0#) consists of:
1) A 28-volt redundant backup floodlighting capable of
providing up to L.0 feet lamberts of aviation red.

Weighs 2.5#.

2) Hi-ambient white floodlighting to provide up to
4O fte candles on primary display area. Weighs .5#.
3) Dome light- provides a general white illumination of

approximately 15 ft. candles in the crew area to
permit movement about area and accomplishment of
certain tasks. Weighs «5#.

h) Annunciators, caution lights, mode lights. Weighs

L, 5#.

External Lighting

The landing flares (10.0#) are self-oxidizing type. They
will provide 10 fte candles of illumination on the lunar surface
at a height of 200 feet in a 30 degree cone for 10 minutes.

The hatchway lights (4.O#) used for docking assumes direct
dock rather than probe and drogue. This is still an unresolved
areae Two possibilities for lighting are: either four lights
at 1# each to illuminate the docking area or a 6 inch illumin-
ated ring at L# mounted on the docking hatch to facilitate docking.
The ring would illuminate to 10 feet lamberts.

GONFBENSule
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Crew Systems (Cont.) A6

Running lights (8.0#) consists of six position (formation)
lights of approximately 10 candle power each to permit visual
recognition of LEM from several milese. The breakdown 1is:

6 running lights at 1.0# each and 1 recognition light at 2.0#.

Sustenance and associate equipment - Drinking water (53#)
is included in the ECS water. Food - was based on 3200 K cal/
man/day. The work statement only requires 2800 X cal/man/day,
if this requirement was met the weight of the food could be
reduced by Ll.0#, however, GAEC feels that 2800 K cal/man/day
is inadequate. Additional 40O K cal/man/day is for snacks.

First Aid Kit - 2.5 is shown but the contents of the kit
is not resolved.

Waste Management - Assumed GFE and it is integral "in
space suit" system. Statement of work says very little.

Environmental Control

ECS Section Component Design Parameter or Criteria

T« Atmosphere Revit.

A) Suit Circuit 1) Suit Fan (-118) Peak metabolic load (0.1T7h
and Suit Circuit 1bs. ) COp/man-hr., 236 Btu
Heat Exche (-106) sensible/man~hr. 664 Btu
latent/man-hre) suits closed
DeCe brushiess motors in fanse.

2) Suit Circuit Mission phase 1L metabolic

HoO Evap. (-107) load (0.134 1bs. COo/man-hr.,
236 Btu sensible/man-hr.,
456 Btu latent/man-hr.) suits
closede.

3) LiOH Cartridge- Cartridge good for 24 man-hrs.
ECS (-122) COp absorption at average
COp productiorn rate of 0.10
1bs./man-hr.

" B) Cabin Recirc. 1) Cabin Fan (-102) Mission phase 1h, day land-
ing, T5°F+5°F cabin tempe.,
cabin elect. load (non-cold-
plate) = 1120 Emu/hr., cabin
external load = 1000 Btu/hr.,
window solar load = O Btu/hr.
(shields assumed), suits open
- metabolic load on cabin =
97 Btu sensible/hr. D.C.
brushless motor in fane.
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Environmental Control (Cont.)

I1T. O2 Supply and
Cabin Pressure

Iv. HoO Management

ECS Section Component
II. Heat Transport 1) Coolant Recirc.

Assy. (=290)

2) Coolant Regena
Heat Exch. (~204)

3) Thermal Control
Water Evap. (-2094
and ~-209B)

L) Coolant Accumu-
lator (-210)

1) GOX Accumulator
(-302)

2) GOX (7.04 1bs.)

3) Cabin Pressure

IED-L90-k
31 October 1963
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Design Parameter or Criteria

Water-glycol flow = 231 1bs/
hr., overall section pressure

drop = 30 psi, D.Ce. brushless
motors in pumps.

Mission phase 15, night
landing, one man outside,
T5°F+5°F cabin electe. load
(non-cold-plate) = T22 Btu/
hre, cabin external load =
1250 Btu/hr., suit open -
metabolic load on cabin =
-86 Btu sensible/hr., total
cold-piate electronic load
= 1044 Btu/hr.

Mission phase 1k, day landing,
total load on boiler = 7200
Btu/hr., discharge glycol
temperature = LO°F, minimum
water carryover.

Maximum coolant volumetric
change = 26 in3. Rladder
spring loaded.

Contain 7.0L 1bs. useable 10X
at 850 psia and 160°F.

Cabin leakage (0.2 lbs/hr.)
and crew metabolic consump-
tion (.088 1bs/man-hr.)

during 1.5 hr. ascent and 17.5
hre. orbital contingency.

Cabin pressure dump from 5.0

Relief and Dump Valve to 0.08 psia in 40 seconds.

(-307)

2) Water (259 lbs.
at separation)

SONRIENGIAL.

1) Water Tank (-LOL) Single tank, contains total

of 335 lbs. Hp0 at earth
launch, bladder is spring and
pressure loadede.

Day landing mission, full or-
bital contingency capability,
all waste heat rejection to
water (no radiators,) 13.2 1ibs
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' 5.0 Environmental Control{ Cont.)

ECS Section Component Design Parameter or Criteria

HQO/man-day for drinking and
food preparation, 2 PLSS fills
at 6.75 1bs. each, 4 PLSS
refills at 5.0 lbse each, all
"in-vehicle" latent loads
reclaimed, all heat loads on
ECS as given in Table II of
LSP-330-24, 1% water carryover
across mission.

6.0 Landing Gear

4 TLeg Landing Gear
180" Semi-tread
4LO" Ground Stroke
20" Strut Stroke - Upper
15.4" " " - Lower
Maximum ground load per pad = 18,000 lbs.
24" Ground clearance with L.G. Fully Stroked
(assumed crushable engine)

. Positive stability for 10 fps vertical
5 fps horizontal
5° Slopes with a 24" boulder or a
24" hole - or any combination
within these limits
12 psi Dynamic Bearing Pressure

No temperature penalty included

Material TO75-T6

Non-Repetitive Life (Crushable honeycomb shock absorber)
Transverse loading due to shock assumed to be 50 g's (shock
absorber in pad to absorb energy of unsprung mass )

Ultimate design load on struts is 50% greater than crushing
strength of honeycomb

Limit axial load - Upper strut 12.3 Kips
Lower strut 6 Kips
Pad Size = 44 ,3" Diameter

Assymmetric loading on the Pad-assumed to be approximately 1"
off center which results in the following strut end moments

Lower strut - folding - 50,000" 1bs
- fixed - 30,000" 1bs (based on 37" pad
' loaded on fwd. half)




Te0

40N LED-490-4

31 October 1963

A-9

Instrumentation

Requirements for the Instrumentation System are based primarily
on a- technical approach and are not specifically established in
the work statement or subsequent directives. This approach is
subject to review and approval by NASA.

Some of the criteria in the current technical approach are
listed bellow.

Ground Rules

l. Measurement requirements are based on LEM-10 measurement list
dated T7-16-63.

2. Separate sensors are required for each load presented to any
single discreet measurande.

3« No spares are allowed.
4o No redundant sensors due to inaccessability.

LEM-10 Sensor Data Flow Configuration

l. Sensor-signal conditioning is done in a central SCU - weight of
sensor only is used in sensor unit weight list.

2. bSensor is integrated with sensor-signal conditioning - weight of
sensor-signal conditioning 1s included in sensor unit weighte.

3. PSensor and sensor-signal conditioning are physically separate but
conditioner is not in SCU = weight listed under unit sensor weight

includes signal conditioner.

Signal Conditioning Unit (SCU)

l. Condition sensor output signal.
2¢ Instrumentation Jjunction boxe
3¢ Furnishes sensor excitation.

4, Supply required GSE connection.
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Instrumentation (Conte.)

Units Contained IN S.C.Us.

1.

2e

Signal Conditioning Modules

Qe
be
Ce
de
Ce

Amplifiers
Attenuators
Demodulators
Freq/DC Converters
AC/DC Converters

Module Detail

Qe
b.
Ce
de
Ce

Cordwood Packaging

E & C 3050 Encapsulant

Wire Wrap

Components - 25% Vol

Module Aug. Wgte = 7 oz (.43 1bs)

Sensor Excitation Power Supplies

Certain Temp. Meas. Syst. black boxes

Thru wires (preconditioned signals)

Mother Board

Connectors

Misce electronics association with certain sensorse.

Component Circuit Ass'y Distribution

aty

125
35
8
1k
23

Modifier units Unit/Module

Module Qty

Amplifiers
Attenuators
Freq./DC Conve
AC/DC Conve
Demods

O o

Total No. Modules = 87
Total Module Wgt =
87 x 0.43 = 37.41 1bs.

6

O] =W
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Instrumentation (Cont.)

Reproduction of Flip Charts Design Philosophy of Instrumentation,

Not Including Sensorse.

DSE
DIGITAT, SERTAL DATA

DATA 4 Tracks
TIMING 1 Track

BIT RATE 2.048 KB/SEC. 51.2 KB/SEC.
RECORD 3.75 ips 15  ips
REPRODUCE 93.75 ips 15 ips
REP. SPEED RATIO 25:1 1:1

DSE

ANAT.0G DATA
RESPONSE TRACK S/N

DIRECT 50-25kc. L Lo db.
M DC-2.5ke L 36 db.
FM COMP. 1 50 dbe

INTERCHANGEAELE
RECORD 3.75 ips 15 ips
REPRODUCE 15 ips 15 ips
REP., SPEED RATIO bl 1:1

DSE

ANALOG

DIRECT

VOICE

SCIENTIFIC

HIGH FREQ. VIBe MEASUREMENTS

SCIENTTIFIC
LOW FREQ. VIB. MEASUREMENTS
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PCMTE DESCRIPTION
1. INPUTS
(a) Analog
Level ~ 0 =5 v 0-40 mv
Rate (S/8S) 100 50 25 10 5 1 25 1
No. of Channels 21 21 48 5 6 281 1 1k
(b) Digital
PARATLEL SERTAL
Rate (s/s) 200 100 50 50 10 310 5 5 %1 11 1 50
No. of Channels 1 1 2 1 7 1 2 1 45 62 1 1
Bits/Words 16 16 16 32 16 32 81 8 816 32 kLo
% Digital Parallel Event
(¢) Input Timing Signal
Sync Signal From N & G
2. OUTPUTS
Frequency
(a) PMP (L) FORMAT 1 FORMAT 2
NRZ (c) Data 51.2Kb/Sec 2.048 Kb/Sec
Sub-carrier Ref. 512Kp/Sec 512 Kp/Sec
Data Rate Timing 51.2Kp/Sec 2.0L48 Kp/Sec
512 Ke (Emer. Keying) 512Kp/Sec 512 Kp/Sec
(b)- GSE (5)
NRZ (c) Data 51.2Kb/Sec 2.0L48 Kb/Sec
Sub-carrier Refe 512Kp/Sec 512 Kp/Sec
Data Rate Timing 51.2Kp/Sec 2.048 Kp/Sec
Prime Frame Sync 50 p/Sec 2 p/Sec
Sub-Frame Sync 1 p/Sec 1 p/Sec
(e) MIsc (32)
IFTS 512Kp/Sec Same
S &C 512Kp/Sec Same
EPS (3 lines) 6.+ 4Kp/Sec Same
Event Time 10 p/Sec Same

26 Bit Parallel Time
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Instrumentation (Cont.)
3. CONTROLS (All Remote)
(a) Format Select (#1 or #2)
(v) A-C Power On-Off (Switched)
(¢) Set (Real Time into TE)
(d) Disable (Time Count)
(e) Start (Time Count)
(f) Advance (Time Count)
(g) Retard (Time Count)
4. POWER

(a) A-C (For PCM Portion)

Voltage 115/200 volts
Frequency 400 ¢/s
Phages 3
(b) D-C (for TE portion) (Redundant)
Voltage 20 to 32 Volts
(¢) Total Power 15 Watts

Blectrical Power Supply

Electrical Power Distribution Section

To best describe design criteria and parameters used for the
current PDS Configuration, it is necessary to divide PDS into three

separate parts as follows:
A. Power Distribution Circuit Design

B. Electrical Equipment
Ce Vehicle Electrical Installation

A., DParameters and Criteria for Power Distribution Circult Design

Criteria = The criteria for the distribution system is based
on the result of the EPS configuration study conducted during
January and February, 1963 and subsequently approved by NASA at
the March Tth EPS system meeting. The distribution design is
based on the use of three fuel cells in conjunction with spiking
batteries for Reaction Controle In addition, applicable portions
of the LEM Work Statement, dated 20 December, 1962, were utilized.
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Parameters - The Do Co Distribution system is a nominal 28 volt

system with the following characteristics:

- Voltage spread of 25 to 31le5 volts.

- Applicable characteristics defined in MIL~STD-TOL.

= Equipments and loadings as defined in LEM Load Analysis
LDW-390-10000 "A".

The A.Ce distribution system is under configuration study at
this times To provide for an eventual system, the following was
estimated and is the basis for current A.C. distribution system
weight estimates:

- 115/200 volts.
- 3 phase, 400 cycle
- Size estimated at approximately 800 V A.

Bs Electrical Egquipment

Inverters = Criteria - Based on requirement to supply certain
LEM equipment with A.C. power as reflected in Load Analysis. Specific
configuration is subject to study at this time.

Inverter -~ Paramefers - Inverter input received from 25 to 31l.5 volts
DeC. distribution systeme. Output would be 115/200 volts, 3 phase, 400
cycles The use of a standby inverter with automatic switchover is
provided for in current weight status. Actual parameters are subject
to configuration study results.

Spiking Battery - Criteria = Use of spiking battery for reaction
control based on assumption that fuel cells would not stay within
required voltage regulation (due to reaction control thrusters) and
that separate batteries for RCS would not present RFI problems to main
DeCe distribution system (use of these batteries being reconsidered).

- Spiking Battery - Parameters - Two 28 volt D.Ce spiking batteries,
each weighing 8.5 pounds with characteristics as defined in LgP-390-3.

PI.SS Battery Charger - Criteria - The requirement to electri-
cally recharge the PLSS Back-pack was made known to EPS in January via
a Hamilton Standard report numbered HSER2595, dated 15 January 1963.
This report was brought to EPS's attention via the Grumman crew systems
groups The requirement for battery charger was contained within crew
systems? memo L340-M)3-4, dated 31 January 1963, which reported on the
results of a space suit interface meeting held with Hamilton Standard
on 24 January 1963. :

PLSS Battery Charger - Parameters - In light of the above, the
EPS stated design effort for the battery charger and its parameters
are contained with LSP-390-k.

SONEIDENT
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Electrical Power Supply (Cont.)

Lighting - The detail requirements are as yet unresolved. The
EPS lighting effort to date is shown in memo IMO-390-6L4, dated
3 September 1963, entitled, "LEM Intermal Lighting Study - Power and
Control."

Ce Vehicle Electrical Instaliation (Wiring) - The criteria and
parameters for this area are generally contained with EPS memo's
IMO-390=37 and IMO-390-65. Data contained within these memos is
based on best estimates for the various sub-systems affected.

The latest Load Analysis is reflected in LDW-390-10000 "A",
dated 3 August 1963 and is based on the LEM Basic Design Mission
as presented in IMO-540-59, dated 13 May 1963.

Electrical Power Generation Section

The present EPS design resulted from a series of configuration
studies beginning with the EPS Configuration Study, conducted during
January and PFebruary. An unstaged fuel cell configuration was
selected as optimum for the LEM EPS consisting of three 50 per cent
fuel cells on the basis of weight and reliability. The basic study
criteria and ground rules utilized are contained in LEM report
LED-390-2, dated 1 April 1963, "Electrical Power Subsystem Configur-
ation Study. The ECS-EPS Integrated Oxygen Tankage Study resulted
in a staged oxygen configuration being recommended to MSC. As a
result of the study presentation to NASA-Houston 4 June 1963; the
preset oxygen tankage design was approved.

The results of the preliminary hydrogen configuration study were
presented at the EPS Systems Meeting No. 3 on 13 June 1963. At that
time, with growth factors of 6.68 and 2.82 in effect, GAEC recommended
staged hydrogen for the P&WA fuel cells. NASA concurred with the
Grumman recommendations. The mission profile utilized for this study,
as well as for the fuel cell vendor evaluation, is shown in Table 6
of the "Preliminary Technical Evaluation of Fuel Cell Assembly Vendor
Proposals" dated 20 June 1963.

The above information represents the "why and wherefore" of the
present three (3)vfuel cell, auxiliary battery, and staged oxygen
and hydrogen configuration for the EPS Power Generation Section.

The current weight results from using LDW-390-10,000, "A" EPS
LEM Electrical Load Analysis as the design criteria for the PGS.
(Note that this analysis is based on LEM Engineering Memo IMO-540~59
"LEM Basic Design Mission" dated 13 May 1963.)

DONEDENTTE
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The cryogenic requirements for the ECS and EPS are shown in
Table 1, as well as the tank capacities sized for the Ho and
integrated Oge A 10 per cent pad was utilized for sizing the
tanks to account for fuel cell performance degradation, system
leakage and electrical energy growthe.

The detailed cryogenic section welghts ere determined through
the use of parametric tank and insulation data generated by the
PGS group. The feed system component weights were obtained through
the use of data submitted by the cryogenic manufacturers.

The fuel cell weights are based on the proposed 900 watt
P&WA unit which is described by LSP-390-2A, "Design Control
Specification for Fuel Cell Assembly."

TARLE 1
Cryogenic Oxygen & Hydrogen Requirements

OXYGEN HYDROGEN
Requirements Requirements
ECS = 52.68 pounds = 31.43 pounds

EPS = 56.15 pounds

Tank Capacities
Descent Sox Tank
Ascent Sox Tank

90.21 pounds* Descent
21.29 pounds Ascent

24,98 pounds**
4,795 pounds ea.
(2 required)

]
It

¥ FEarth Launch Requirement:
19.44 1bs. expended for EPS during Translunar phase.
*¥¥%¥ FEarth Launch Requirement: 6.04 1bs. expended
during Translunar phase.

9.0 Propulsion System
Section Design Criteria
l. Descent Stage: Engine Chamber pressure thrust, and

mission life optimized for
pressure fed ablative engine
for vehicle gross weight of
28,000 1lb. and AV requirements
of synchronous orbit maneuver
to lunar landing. Reliability
determines design life.
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Feed

Pressurization

2e Ascent Stage: Engine

Pressurization

Reaction Control
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Design Criteria

Propellant tanks sized for
28,000 1be GeWe vehicle and
&YV above with operating
pressure optimizeds. Feed
section lines and hardware
sized to provide propellants
to engine at required rate and
acceptable pressure drops.

Helium storage bottleg sized to
provide regulated gas at
propellant tank pressure until
all propellants are expended.
Component size and number

chogsen for redundancy and relia-
bilitye. Ambient gas storage
work statement requirement.

. (b e ) O - ——

Chamber pressure, thrust, and
mission l1ife optimized for
pressure fed ablative engine

for ascent gross weight of

8600 1lbe. and AV requirements
for attaining an 80 mmi. lunar
orbit and rendezvous with design
life of 545 seconds for relia-
bility.

Propeilant tanks sized for
8837 1b. ascent stage and AV

above.

Same as descent stagee

1. The basic configuration criterion 1s that no single component
failure shall cause faiiure of the RCS systeme This is con-

sidered to be a desirable approach.
requirement of the work statement.

However, it is not a
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2e Pressurization System:

as The nominal pressure for the helium tank is 3000 psi.
Provisions were made for 3500 psi with a burst factor
of 2.

be Helium system is designed for 3000 psi upstream of
pressure regulators ard 250 psi downstream. Stain-
less steel lines are i inch diam., .016 inch wall,
except for relief valve path which is 3/8 inch
line sized for 250 psi maximum pressure at relief
valve full flow.

3. Propellant System:
ae Maximum tank working pressure is 250 psi.
bs Components are designed for 250 psi.

ce The lines are sized for 4 ft/sec flow with k
engines firing. Line sizes are as follows:

3/4 inch at tank outlet
. 1/2 inch to clusters
5/8 inch across vehicle

de This is a bladder type expulsion systeme

4. For system analysis the operating *temperature range was con-
sidered to be 40° to 100°F (70° + 30°)e Heaters may be needed
for the injector and for prcpeilant valves. The weight increase
would be slight, but there would be a drain on the electric
power supplys

Se The reliability figures for the discussed configuration were
summed up as fcllows:

Religbility For Apportionment Current Hste
(2) Crew Safety +999935 «999971
(b) Mission Success «9998CL «999949

The mission associated with crew safety is not defined. It is
assumed to end at the 50,000 orbit.
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Communications

General. = The communicatbions subsystem shall:

Provide two-way voice communicationse.
Provide television informatione
Process and transmit telemetry data.
Aid in tracking and ranginge.

a

(
(
(
(

N N N

ke
c
d

Voice Communicationse = The following capabilities shall be

provided:

(a) Voice communications between the LEM and the Command
Moduls (M) during lire-of-sight phase of the mission.

(b) Voice communications between the LEM and the Earth
during line-of-gsight phases of the mission.

(c) Voice communications between the LEM and crew members
external to the IEM to a radial distance of three nautical
iles.

8

(d) Voice communications between the crew members within
the LEM.

(e) Voice communications between the LEM and the CM via
an umbilical when docked.

(f) A two-way, manually selectable automatic relay of
comrunication between crew members external to the LEM,
the Barth and/or the CM.

(g) An alternate voice capability between the LEM and a
crew member external to the LEM utilizing the TV cable
assemblye

Television. = A capability shall be provided for originating,
processing and transmitting television pictures to the Earth
while the LEM is on the Ilunar surface. The television camera
shall be portablee.

Telemetry Data. = A capability shall be provided to assemble,
encode and transmit to the Earth, data from the Operational
Instrumentation Subsystem.

Tracking and Ranginge = A capability shall be provided to
receive and re-transmit, in phase coherence, a random noise
coded signal to enable the GOSS stations to track the LEM
during deep space phasese.

~GoNRID
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Emergency Keying. - An emergency code keying capability shall
be provided for the transfer of priority information in the
event of a volce transmission failure.

Equipmente = The Communications System shall consist of the
following:

) S=Band Section

) VEF Section

) Portable Television Section
) Signal Processing Section

0 o

{

N

O

S-Band Section. = The S-Band Section shall consist of those
assemblies used to transmit televistion, voice and bicmedical
data, telemetry; to facilitate tracking; and to receive
volce. The S~-Band Section, the LEM-Earth Link, shall also

be used to extend the range of communications between the LEM
and CM by using the Earth as a relay station.

A

The following assemblies shall constitute the S-Band Section:

(a) S-Band Transceiver

(b) 8=Band Power Amplifier

(c) S=Band Diplexer

(d) S-Bard R-F Switch

(e) S-Band In-flight Antenna

(f) 8-Band Steerable Antenna

(g) 8=-Band Erectable Antenna

(h) S8-Band Cables and Connectors

VHE Sectione =. The VHF Section shall consist of those

assemblieg used for duplex communications between the LEM

and the Command Module and the LEM and Crew Members outside
the LEM. It shall also be used to receive suit and physio-
logical data from the space suit personnel communication
systemsoe

The following assemblies shall constitute the VHF Section:

(a) VHF Transceiver

(b) VHF Diplexer

(c) VHF Switch

(d) VHF In-flight Antenna

(e) VHF Iunar Stay Antenna
(f) VHF Cables and Connectors
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11.0 Communications (Conte)

Portable Television Section = The portable television
camers shall be capable of providing pictures as follows:

(a) In the command module from launch to lunar orbit (in
conjunction with a 5 foot cable provided by the
principal contractor for the CM).

{r) On the lunar surface (using a 62 foot LEM TV cable
and reel).

The portable television camera alone (5 foot cable left
behind) shall be capable of being transferred from the

CM tc the LEM in Iunar orbit and stowed inoperatively

within the LEM crew compartment during lunar descent.

The 62 foot cable with reel shall be stowed in the scientific
equipment storage cabinet of the LEM.

The following assemblies shall constitute the portahle
television section:

(a) Camera
(b) Optics
(c) Video Cable and Reel

Signal Procesgsing Section. = The Signal Processing Section shall
consist of the audio center and premodulation processor (PMP) and
shall be capable of processing the following:

(a) Voice and Biomedical Signals

(1) Voice information shall be hardlined to the
PMP from each astronaut within the LEM. The PMP,
in conjunction with the Audio Center, shall process
the voice information in such a manner that it will
provide inputs to the LEM ICS, S-Band modulator and
VHF modulator as determined by mode selectione.

(2) Biomedical information shall be hardlined to the
PMP from each astronaut within the LEM. The bio-
medical information shall be processed by the PMP
for transmission on the S-Band equipments

(3) The PMP shall provide capability of accepting signals
from the VHF receiver. Processing of these signals
shall include the routing of voice signals to the
ICS as well as the VHF modulator and voice and
biomedical information to the S-Band modulator as
determined by mode selection.
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Communications (Cont. )

(u) The PMP shall provide capability of accepting voice
signals from the S-Band receiver. Processing of
this voice information shall include routing to
the ICS and VHF modulator as determined by mode
selection.

(b) Other Signals = The PMP shall provide the interface.
between the pulse code modulation and timing equipment,
data storage equipment, television camera, and the r-f
electronics.e The PMP shall perform the switching,

gating and mixing associated with the various modes
of information transferale.

Associated Equipment. = The communications subsystem shall
be capable of operating with the follwoing associated
equipment which is not a part of this system:

Pulse Code Modulation and Timing Equipment (PCVmE)
Data Storage Equipment (DSE)

In=-flight Test System (IFTS)

Displays and Control Subsystem

Personal Communications System (GFE)

NSNS AN
O 0 oo
e e N P N

Personal Communication System. - The personal communica-
tions system shall be supplied by NASA as part of the

Space Suilt Assembly. Provision for both Duplex and Simplex
operation is provided. On board the LEM, the LEM/Suit
hardline capabilities shall be provided as follows:

(a) One 30 cps PCMTE measurement for use during descent
and ascent, direct from sensor/signal conditionere.

(b) Audio input/output to intercom.
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12.0 Contreois and Displays

Flight Crew perfromance Specification LED-480-3,
defines those criteria the pilot needs to perform the
Missione. Only those items are displayed which require
action by the pilot.
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